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(54) MAGNETOSTRICTIVE VIBRATOR 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a highly efficient 
magnetostrictive vibrator having a small size and high power and which 
can be set at desiring resonance frequency. 

SOLUTION: A magnetostrictive vibrator has a magnetostrictive rod 6 as 
a displacement generating member made of a magnetic body having 
magnetostriction, a movable yoke 7 which is connected with the 
magnetostrictive rod 6 and can move In the displacement generation 
direction of the magnetostrictive rod 6, an air-core coil 10 as a driving 
magnetic field generating means to cause displacement of the 
magnetostrictive rod 6. and a permanent magnet 3 as a magnetic bias 
applying means to apply a biased magnetic field to the magnetostrictive 
rod 6. The resonance frequency can be adjusted by placing an elastic 
body 5 in series with the magnetostrictive rod 6. 
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* NOTICES ♦ 



JPO and NCIPI aire not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the variation rate which consists of the magnetic substance which has magnetostriction ~ a generating member and said 
variation rate - it connects with a generating member - having — a variation rate — the variation rate of a generating member — with 
movable moving-part material in a direction In the magnetostriction type vibrator possessing a drive field generating means to 
generate the drive field for making said displacement generating member produce a variation rate, and a magnetic-bias impression 
means to impress a bias field to said displacement generating member Magnetostriction type vibrator characterized by building an 
elastic body in said displacement generating member and serial. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magnetostriction type vibrator using the magnetic substance which has 

magnetostriction. 

[0002] 

[Description of the Prior Art] When magnetostriction impresses an external magnetic field to a certain kind of magnetic substance, it is 
a phenomenon which deformation produces. Conventionally, to apply this magnetostrictivity to magnetic-machine conversion devices, 
such as a displacement control actuator, a magnetostriction type trembler, a magnetostriction sensor, a magnetostriction filter, and a 
supersonic delay line, is tried. Moreover, as a magnetostriction ingredient, nickel radical alloy, the Fe-Co alloy, the ferrite system 
oxide, etc. are used widely until now. Furthermore, development of the displacement mechanical component in which the minute 
displacement control of micron order is possible is called for with an advance of instrumentation technology in recent years and 
development of the precision instrument field. Magnetic-machine conversion device which used magnetostriction too to such a 
demand is examined. However, the application of the displacement control of micron order is not yet enough as a magnetostriction 
ingredient which was mentioned above in respect of the point of the absolute magnitude of a variation rate, or a precision 
controllability. On the other hand, that to which saturation magnetostriction (lambdas) exceeds 1000x10-6 is recently reported by the 
Ra Beth mold intermetallic compound of a rare earth-iron system, and the expectation for magnetic-machine displacement conversion 
device using this is growing. 

[0003] When applying a magnetostriction ingredient to a device, for example, a magnetostriction type actuator, in order to obtain the 
absolute magnitude of sufficient variation rate, without causing enlargement of the actuator itself, it is important to raise the 
conversion efficiency to the variation rate of the external magnetic field, i.e., a drive field, impressed to the displacement generating 
member produced with the magnetostriction ingredient. The bias field by compressive stress, a permanent magnet, etc. is beforehand 
impressed to the magnetic substance from such a viewpoint at JP,4-229085,A, and the technique which raises the conversion 
efficiency between a drive field and the absolute magnitude of a variation rate is indicated. 

[0004] Moreover, application of magnetostriction type vibrator is tried, for example as actuators for oscillating control, such as a 
supersonic machine. In this case, the whole resonance frequency is controlled and it is necessary to make it resonance not take place 
easily combining the magnetostriction type vibrator which has the resonance frequency of the body which should be carried out 
excitation, and different resonance frequency from this. It can ask for the resonance frequency (fr) of magnetostriction type vibrator by 
following the (1) formula, 
[0005] 

fr=(l/2pi) (g-k>^) 1/2(1) 

Here, it is the weight of the body with which g excites gravitational acceleration and the load rate of a magnetostriction ingredient and 
M excite k. The load rate (k) of a magnetostriction ingredient is given by following the (2) fomiula. 
[0006] 
k=E-A/L (2) 

Here, E is [ the cross section of a magnetostriction ingredient and L of the Young's modulus of a magnetostriction ingredient and A ] 
the die length of a magnetostriction ingredient. 

[0007] (1) The resonance frequency (fr) of a magnetostriction type trembler is a load rate (determined by k and the objective weight 
(M) to excite.) of a magnetostriction ingredient from a formula. Therefore, when the weight of the body to excite is decided, it is 
necessary to adjust the load rate of a magnetostriction ingredient for setting it as desired resonance frequency. (2) A formula shows 
that the load rate of a magnetostriction ingredient is dependent on the ratio (aspect ratio: L/A) of the cross section (A) and die length 
(L). In order to set resonance frequency to a low frequency side especially, it is necessary to enlarge an aspect ratio. However, the 
cross section of a magnetostriction ingredient must be enlarged to some extent according to the weight of the body to excite, and the 
die length of a magnetostriction ingredient must be enlarged to some extent according to the amount of displacement which vibrator 
needs. Consideration of these points and aspect ratios stops avoiding enlargement of an actuator. Moreover, when the magnetostriction 
ingredient of a rare earth-iron system is used, and the mechanical strength is taken into consideration, there is a limitation also in 
enlarging an aspect ratio. This is because it has the description of being weak, in bending stress, although the magnetostriction 
ingredient of a rare earth-iron system is strong to compressive stress. Therefore, when the magnetostriction ingredient of a rare earth- 
iron system is used, adjustment of resonance frequency becomes difficult. Thus, in the conventional magnetostriction type vibrator, 
there is a trouble that it is difficult to set to a desired resonance frequency, especially low frequency side, avoiding enlargement. 
[0008] 

[Problem(s) to be Solved by the Invention] The purpose of this invention has the enough absolute magnitude of a variation rate, and it 
is to offer small [ which can be set as desired resonance frequency ], high power, and efficient magnetostriction type vibrator. 
[0009] 

[Means for Solving the Problem] The displacement generating member which the magnetostriction type vibrator of this invention 
becomes from the magnetic substance which has magnetostriction, It connects with said displacement generating member. Moving- 
part material movable in the displacement direction of a displacement generating member. In the magnetostriction type vibrator 
possessing a drive field generating means to generate the drive field for making said displacement generating member produce a 
variation rate, and a magnetic-bias impression means to impress a bias field to said displacement generating member, it is 
characterized by building an elastic body in said displacement generating member and serial. 

[0010] In the magnetostriction type vibrator of this invention, with the elastic body built in the displacement generating member and 
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the serial, the load rate to which only a displacement generating member is applied can be adjusted, and resonance frequency can be 

set as a desired value. 

[0011] 

[Embodiment of the Invention] Hereafter, this invention is further explained to a detail. In this invention, especially the magnetic 
substance (magnetostriction ingredient) that has the magnetostriction used as a displacement generating member is not limited. For 
example, although nickel radical alloy widely known from the former, a Fe-aluminum alloy, a ferrite system oxide, etc. can be used, a 
bigger thing has the viewpoint of the miniaturization of the magnetostriction type vibrator obtained, and a high increase in power to a 
more desirable saturation magnetostriction value (lambdas). Therefore, the giant magnetostrictive alloy which consists of a rare earth- 
iron system Ra Beth mold intermetallic compound can be used suitably. The presentation with which it is specifically satisfied of 
RFex (R is a kind of rare earth elements and 1.5<=X<=2.5 at least) is mentioned In addition, two or more sorts of combination, such 
as Tb-Dy, such as La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu, and Tb-Ho, Tb-Pr, Sm-Yb, Tb-Dy-Ho, Tb-Dy-Pr, 
and Tb-Pr-Ho, is illustrated as desirable rare earth elements (R element). 

[0012] In the giant magnetostrictive alloy of a rare earth-iron system, a part of Fe may be permuted by Co. If a part of Fe is pemiuted 
by Co, corrosion resistance is improvable while being able to improve the magnetostriction property in low temperature. However, 
since there is an inclination which causes the fall of a magnetostriction property conversely when there are too many amounts of Co 
permuted by Fe, it is desirable that the amount of permutations by Co is less than [ of Fe / 95at% ]. 

[0013] In this giant magnetostrictive alloy, a part of Fe may be permuted from Mn. If a part of Fe is permuted from Mn, the magnetic 
anisotropy of the rare earth atom in a giant magnetostrictive alloy can change, and the magnetostriction property which was excellent 
not only in a high field but the low field can be acquired. However, since there is a possibility that the Curie temperature of a giant 
magnetostrictive alloy may fall and a magnetostriction property may be spoiled when there are too many amounts of Mn permuted by 
Fe, it is desirable that the amount of permutations by Mn is less than [ of Fe / 50at% ]. Moreover, a part of Fe may be further permuted 
if needed by nickel. Mg, aluminum, Ga, Zn, V, Zr, Hf, Ti, Nb, Cu, Ag, Sn, Mo. Cr, Ta, Pd, In, Sb, Ir. Pt, Au, Pb, Si, germanium, B. 
etc. from a viewpoint of improvement, such as material strength of a giant magnetostrictive alloy, corrosion resistance, and saturation 
magnetostriction. In this case, it is desirable that the amount of pcimutations by these metallic elements and Mn is less than [ of Fe / 
50at^^ ]. Furthermore, R(Fel -a Mna) x A more desirable material property is acquired by satisfying the value of a=0.0 1-0.3 in an 
empirical formula. If the amount exceeding 50at(s)% of Fe is permuted from these metallic elements and Mn, it will become the factor 
of property degradation, such as a fall of the amount of magnetostriction. 

[0014] Although that by which the displacement generating member generally fabricated the magnetostriction ingredient to the rod is 
used, especially the configuration is not limited. For example, the rod of various configurations, such as the shape of cylindrical, 
cylindrical, a prismatic form, and a laminating, can be used. The laminating of the part which carried out vertical division to the 
longitudinal direction of a rod is carried out to the shape of a laminating, for example, it is made the shape of a cylinder here. When 
setting the oscillation frequency of magnetostriction type vibrator as several kHz or more, the thing of the skin effect, and the shape of 
cylindrical from a viewpoint of eddy current loss or a laminating is desirable. 

[0015] In this invention, movable moving-part material is connected to the end side of a displacement generating member in the 
displacement direction. Other members, such as a magnetic-bias impression means to mention later if needed, and an elastic body, 
may be made to intervene between a displacement generating member and moving-part material. Especially the configuration of this 
moving-part material is not limited. 

[0016] In this invention, the air cored coil prepared, for example in the periphery of a displacement generating member is used as a 
drive field generating means to generate the drive field for making a displacement generating member produce a variation rate. When 
the die length of the magnetostriction rod which is a displacement generating member is set to Lm, as for the die length Lc of this air 
cored coil, it is desirable to consider as the range of 0.5 Lm<Lc<2Lm. It becomes difficult to impress to homogeneity the drive field 
which an air cored coil forms to a magnetostriction rod as the die length Lc of an air cored coil is 0.5 or less Lms. On the other hand, if 
the die length Lc of an air cored coil is set to 2 or more Lms, although a drive field can be efficiently impressed to a magnetostriction 
rod, enlargement of the whole magnetostriction type vibrator is caused. 

[001 7] If only one thing of a multilayer uniform volume is used as an air cored coil, structure will become simple most. However, in 
the air cored coil of multilayer uniform volume structure, there is an inclination for the drive field formed to come to have in a core the 
uneven spatial distribution that it is large and small at both ends. And in case the control current is supplied to an air cored coil, it will 
be necessary to rationalize values, such as direct current resistance and an inductance, from the constraint by the side of a power 
source. On the other hand, if parallel connection of these is carried out to a power source using two or more air cored coils divided 
along with the longitudinal direction of a magnetostriction rod, or two or more air cored coils by which the multiplex volume was 
carried out in the direction of a laminating, the spatial distribution of the drive field formed can be equalized. Moreover, if an air cored 
coil is directly stuck to a magnetostriction rod and is twisted around it, a drive field can be efficiently impressed to a magnetostriction 
rod. However, as for the viewpoint of dependability to an air cored coil, it is desirable to make it a magnetostriction rod and non- 
contact. 

[0018] In this invention, the permanent magnet magnetized, for example in the thickness direction is prepared in the both ends of a 
magnetostriction rod as a magnetic-bias impression means to impress a bias field to a displacement generating member. Direct-current 
magnetic bias is impressed to a magnetostriction rod with these permanent magnets. With such a configuration, it becomes possible to 
generate the variation rate corresponding to the positive/negative of the control current supplied to an air cored coil in a 
magnetostriction rod. It is desirable to use a Sm-Co system alloy, a Nd-Fe-B system alloy, etc. from a viewpoint of a miniaturization 
of the magnetostriction type vibrator obtained as a permanent magnet. 

[0019] The point which builds an elastic body in a displacement generating member and a serial has the characteristic configuration of 
this invention, here — a serial — a variation rate ~ the fixed end of the magnetostriction type vibrator which is fixing the generating 
member, and the movable end of magnetostriction type vibrator, i.e., a variation rate, - the variation rate connected to the generating 
member — the variation rate of a generating member - between the edges of moving-part material movable in a direction — an equal 
circuit - seeing - a variation rate - it means that the generating member and the elastic body are inserted into a serial. Therefore, 
especially arrangement with a displacement generating member and an elastic body is not restricted. Moreover, an elastic body may be 
prepared in the both ends of a magnetostriction rod, and may be prepared only in an end. 

[0020] Especially an elastic body is not limited, for example, can use a pan spring, a coil spring or natural rubber, and synthetic 
mbber. However, in a pan spring or a coil spring, since there is a possibility that friction and parasitic oscillation may arise, it is 
desirable to use natural rubber and synthetic rubber from the point that a uniform vibration is obtained. As rubber, what has the 
standard degree of hardness Hs (JIS A) in the range of 30-90 is desirable. More specifically, synthetic rubber, such as fluorine system 
rubber, such as a Viton, silicone rubber, styrol system rubber, nitril system rubber, butyl system rubber, and chloroprene system 
mbber, is mentioned. Moreover, mechanical shakiness can be absorbed when rubber is used as an elastic body. Furthermore, effect of 
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the machining precision of the configuration member of magnetostriction type tremblers, such as a displacement generating member, 
can be lessened, and the chipping (lack) of a displacement generating member can also be prevented. 

[0021] In the magnetostriction type vibrator of this invention, since the elastic body is prepared in the displacement generating 
member and the serial, the load rate to which only a displacement generating member is applied with the quality of the material and 
the configuration of an elastic body can be adjusted irrespective of the aspect ratio of a displacement generating member. Therefore, 
resonance frequency can be set as a desired value, avoiding enlargement of the whole magnetostriction type vibrator. 
[0022] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. Drawing 1 is drawing of longitudinal 
section showing an example of the magnetostriction type vibrator concerning this invention. In drawing 1 , the end of the cylindrical 
container 1 is stopped by the holddown member 2. Inside this cylindrical container 1, the magnetostriction rod 6 which consists of a 
permanent magnet 3, fixed York 4, an elastic body 5, and the magnetic substance that has magnetostriction, an elastic body 5, fixed 
York 4, a permanent magnet 3, and movable York 7 are formed one by one on the holddown member 2. O ring 8 of two trains is 
formed between movable York 7 and the cylindrical container 1 . Moreover, the guide 9 is attached in eadi fixed York 4, Furthermore, 
the air cored coil 1 0 is formed in the periphery of the magnetostriction rod 6. 

[0023] The predetermined direct-current bias field is impressed to the magnetostriction rod 6 which is a displacement generating 
member through fixed York 4 fi-om the permanent magnet 3 of both ends. And if the control current is supplied to an air cored coil 10, 
corresponding to the positive/negative, a variation rate will occur to the magnetostriction rod 1. Consequently, the magnetostriction 
rod 1 is displaced along with a guide 9. In addition, bending stress joins the magnetostriction rod 6 with O ring 8 between movable 
York 7 and the cylindrical container 1 . 

[0024] In the magnetostriction type vibrator of this invention, since the elastic body 5 is formed in the both ends of the 
magnetostriction rod 6 at the serial, the load rate over which only the magnetostriction rod 1 is covered can be adjusted, and the 
resonance frequency can be set as a desired value. 

[0025] Drawing 2 is drawing of longitudinal section showing other examples of the magnetostriction type vibrator concerning this 
invention. In drawing 2 , a holddown member 2 is formed also in the other end side of the cylindrical container 1, and the elastic body 
1 1 is formed between this holddown member 2 and movable York 7. Compressive stress is beforehand impressed to the 
magnetostriction rod 6 by such configuration. In addition, this elastic body 1 1 is seen in an equal circuit, and does not have the 
magnetostriction rod 6 and a serial. The other configuration is the same as that of the magnetostriction type vibrator shown in drawing 
i R> 1. 

[0026] Next, the magnetostriction type vibrator (c) of the same configuration as drawing 2 was produced except not preparing an 
elastic body at all at a serial to the same magnetostriction type vibrator (b) of a configuration as drawing 2 , and the magnetostriction 
rod 6 except having formed the elastic body 5 at the serial only at the end of the magnetostriction type vibrator (a) of drawing 2 which 
formed elastic bodies 5 and 5 in the serial to the both ends of the magnetostriction rod 6, and the magnetostriction rod 6. 
[0027] here - a variation rate - as the magnetostriction rod which is a generating member - TbO.5 DyO.5 1.93 (FeO.9 MnO.l) ~ the 
with a die length [ the outer diameter of 1 2mm and die length of 20mm ] which consist of a giant magnetostrictive alloy to which 
crystal orientation of the presentation was had and carried out thing was used. As an elastic body 5, the silicone rubber with an outer 
diameter [ of I2nim ] and a thickness of I mm of standard degree-of-hardness Hs=50 was used. Moreover, the 250kg load was 
beforehand impressed to the magnetostriction rod 6 with the elastic body 1 1 . 

[0028] And about each magnetostriction type vibrator, the constant voltage of **10V was supplied to the air cored coil 10, and it 
investigated frequency dependent [ of the amount of displacement ]. This result is shown in drawing 3 . The peak location in drawing 3 
is equivalent to the resonance frequency of each magnetostriction type vibrator. 

[0029] According to the existence and the number of a magnetostriction rod and the elastic body (silicone rubber) built in a serial, 
three kinds of resonance frequency of magnetostriction type vibrator (a) - (c) is changing so that clearly from drawing 3 . As compared 
with the magnetostriction type vibrator of (c) which has not prepared the elastic body, resonance fi-equency shifted to the low 
fi-equency side in the magnetostriction type vibrator of (b) which prepared the elastic body only in the end of a magnetostriction rod, 
and, specifically, resonance frequency has shifted to the both ends of a magnetostriction rod further with the magnetostriction type 
vibrator of elastic body ****** (a) to the low frequency side. Therefore, by building an elastic body in a magnetostriction rod and a 
serial shows that the load rate over which only a magnetostriction rod is covered is adjusted, and the resonance frequency can be set as 
a desired value. In addition, as for drawing 3 , even if it builds an elastic body in a magnetostriction rod at a serial, in a low frequency 
field, the absolute value of the amount of displacement also shows falling a little. 

[0030] The configuration of the magnetostriction type vibrator of this invention can consider not only a thing but the various 
modifications shown in drawing 1 and drawing 2 , These modifications are shown in drawing 4 , drawing 5 , and drawing 6 . Although 
drawing 4 R> 4 has a configuration similar to drawing I , sequential arrangement of a permanent magnet 3, an elastic body 5, fixed 
York 4, the magnetostriction rod 6, fixed York 4, an elastic body 5, and the pemianent magnet 3 is carried out toward movable York 7 
from a holddown member 2. 

[003 1] Although drawing 5 has a configuration similar to drawing 2 , sequential arrangement of an elastic body 5, a permanent magnet 
3, fixed York 4, the magnetostriction rod 6, fixed York 4, a permanent magnet 3, and the elastic body 5 is carried out toward movable 
York 7 from a holddown member 2. 

[0032] If it sees in an equal circuit and the conditions of a serial are fulfilled as shown in drawing 4 and drawing 5 , especially 
arrangement with the magnetostriction rod 6 and an elastic body 5 will not be restricted. Drawing 6 is an example of a configuration in 
the case of needing the big amount of displacement, and arranges two magnetostriction rods 6 and 6 to a serial through an elastic body 
5, a permanent magnet 3, and an elastic body 5. The other configuration is the same as that of drawing 2 R> 2. In this case, it is 
desirable to form a guide 9 also in both connection section so that two magnetostriction rods 6 and 6 may not cause an imperfect 
alignment. 
[0033] 

[Effect of the Invention] As explained in full detail above, according to this invention, small [ which can be set as desired resonance 
frequency ], high power, and efficient magnetostriction type vibrator can be offered, and a so-called size has the industrial value. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing of longitudinal section showing an example of the magnetostriction type vibrator concerning this invention. 
[Drawing 2] Drawing of longitudinal section showing other examples of the magnetostriction type vibrator concerning this invention. 
Prawing 3] The property Fig. showing frequency dependent [ of the amount of displacement ] about the magnetostriction type 
vibrator shown in drawing 2 , 

[Drawing 4] Drawing of longitudinal section showing the modification of the magnetostriction type vibrator concerning this invention. 

[Drawing 5] Drawing of longitudinal section showing other modifications of the magnetostriction type vibrator concerning this 
invention. 

[Drawing 6] Drawing of longitudinal section concerning this invention in which that it is only serious shows the magnetostriction type 
vibrator of business, 
description of Notations] 

1 [ — Fixed Yoric, 5 / — An elastic body, 6 / — A magnetostriction rod, 7 / — Movable York, 8 / — An O ring, 9 / — A guide, 1 0 / — An 
air cored coil, 11/ — Elastic body. ] - A cylindrical container, 2 — A holddown member, 3 — A permanent magnet, 4 
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DRAWINGS 




[Drawing 5] 
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[Drawing 3] 
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[Drawing 6] 
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